In several autoimmune diseases, e.g., pemphigoid disease (PD), autoantibodies are the direct cause of pathology. Albeit key requirements for antibody-mediated diseases were identified, their interactions and exact temporal and spatial interactions remained elusive. the skin is easily accessible for imaging. Thus, we selected epidermolysis bullosa acquisita (EBA), a PD with autoantibodies to type VII collagen (COL7), to visualize interactions of autoantibodies, target tissue and effector cells (neutrophils). Following injection into mice, anti-COL7 IgG bound to the dermal-epidermal junction (DEJ) within minutes. We unexpectedly observed an inhomogeneous distribution of autoantibodies along the DeJ. Thus, we hypothesized that specific external triggers may affect autoantibody distribution. Indeed, mechanical irritation led to an increased autoantibody binding along the DEJ. Subsequently, anti-COL7 IgG was injected into mice expressing green fluorescent protein under the LysM promoter (LysM-eGFP) mice. This allows to visualize myeloid cells in vivo in these animals. Using multiphoton imaging, we observed a limited extravasation of LysM-eGFP + cells into skin was observed within 24 hours. Intriguingly, LysM-eGFP + cells did not immediately co-localize with autoantibodies, which was only noted at later time points. Of note, interactions of LysM-eGFP + with the autoantibodies at the DeJ were short-lived. Collectively, our results define the following checkpoints for autoantibody-induced tissue injury: (i) autoantibody egress to target tissue influenced by mechanical trigger factors, (ii) neutrophil recruitment into the vicinity of autoantibody deposits and (iii) short-term neutrophil localization to these deposits, as well as (iv) delayed recruitment of neutrophils with subsequent autoantibodyinduced inflammation.
Results
Generation of fully pathogenic fluorescently labeled anti-COL7 IgG. Prior to use of anti-COL7 IgG preparations to visualize their interactions with the skin and neutrophils in vivo, they were assessed regarding their blister-inducing ability. Total IgG from GST-mCOL7C immune sera, affinity-purified (AP) IgG from these immune sera, and DyLight488-or DyLight594-labeled AP anti-COL7 IgG, but not normal rabbit IgG, exhibited linear depositions along the dermal-epidermal junction (DEJ) mouse skin. When incubated on cryosections of murine skin, all anti-COL7 IgG preparations induced dermal-epidermal separation in presence of polymorphonuclear leukocytes (PMN, Fig. 1a-d ). If injected into C57Bl/6 mice, AP anti-COL7 IgG or DyLight488-labeled AP anti-COL7 IgG induced subepidermal blistering at a comparable degree ( Fig. 1e -j) as previously reported for anti-COL7 IgG 37 . Similar findings were demonstrated when DyLight594-labeled AP anti-COL7 IgG was injected into C57Bl/6 or LysM-eGFP mice ( Fig. 1k-n) .
Inhomogeneous distribution of anti-COL7 IgG along the dermal-epidermal junction. An analysis of the DyLight488-labeled AP anti-COL7 IgG distribution following its intravenous injection indicated few extravascular deposits of IgG in the horizontal plane ( Fig. 2a ). In the vertical skin sections, the inhomogeneous anti-COL7 IgG distribution and binding to DEJ were confirmed (Fig. 2b) . The observation of the anti-COL7 IgG deposition in real-time using multiphoton microscopy also reproduced this binding pattern. In addition, the real-time observation of anti-COL7 IgG following intravenous injection confirmed antibody binding to the DEJ within minutes (Fig. 2c ). Collectively, these findings demonstrate a rapid but circumscribed binding of circulating anti-COL7 IgG to its target antigen.
We also investigated the binding pattern of DyLight488-or DyLight594-labeled AP anti-COL7 IgG 20 hours after a single injection into mice. In addition to the skin, linear IgG deposits were identified in the tongue and esophagus, as well as the epithelium of the stomach, trachea and uterus (Fig. 2d) . A granular staining pattern was identified in the spleen, whereas circular structures were stained in the liver and kidney (Fig. 2d ). No staining was identified in the small intestine, colon, lung, brain, heart or muscle (Fig. 2d ). Control sections (injection of DyLight488-or DyLight594-labeled unspecific antibody) did not exhibit specific staining (supplementary Fig. S1 ).
Mechanical irritation increases anti-COL7 IgG localization into the skin and affects cutaneous
blistering. Based on these findings, we hypothesized that local factors, such as mechanical irritation, may be the cause of the inhomogeneous deposition of anti-COL7 IgG. To challenge this assumption, ears of mice were gently scratched with tweezers prior to injection of antibodies. This procedure led to a rapid localization of both DyLight488 AP anti-COL7 IgG and control DyLight594 normal IgG in the skin, which was evidenced by strong fluorescent intensities. In contrast, un-manipulated contralateral ears exhibited substantially lower fluorescent intensities, even at later time points ( Fig. 3a,b ). Over a period of 4 hours, fluorescent intensity of the specific autoantibody remained constant, whereas fluorescent intensity of unspecific antibody gradually decreased in a linear fashion ( Fig. 3a,b ). To determine whether this increased IgG deposition in response to mechanical irritation is of functional relevance, experimental EBA was induced by repetitive injections of anti-COL7 IgG into BALB/c mice. In a subgroup of mice, macroscopically normal appearing ears ( Fig. 3c ) were obtained for histological analysis immediately after mechanical irritation. In the haemalaun eosin (H&E) stained sections from these specimens, no epidermal or dermal changes were evident ( Fig. 3d,e ). Interestingly, compared with the Figure 1. Pathogenicity of fluorescently-labeled, affinity-purified anti-COL7 IgG. (a-d) Sections of normal mouse skin were incubated with (a) normal rabbit IgG, (b) IgG purified form rabbits immunized with COL7, (c) affinity-purified (AP) anti-COL7 IgG, or (d) DyLight488 fluorescently-labeled (Fl), AP anti-COL7 IgG, followed by administration of peripheral polymorphnuclear cells. Similar concentrations of anti-COL7 IgG were added to conditions b-d, which induced ex vivo dermal-epidermal separation under all experimental conditions. (e-h) C57Bl/6 mice were s.c. injected with the indicated IgG preparations. Amount of anti-COL7 IgG was identical in conditions f-h, and induced a comparable extend of skin blistering, as demonstrated for immune preparations. (i) SA6307 and (j) SA6306. Data in i-j is based on 3-4 mice per group. (k,l) DyLight594labelled AP anti-COL7 IgG was s.c. injected into a total of 3 C57Bl/6 mice. Representative clinical photographs of 2 of these mice obtained 12 days after the initial IgG injection are shown here, demonstrating extensive skin lesions. (m,n) DyLight594-labelled AP anti-COL7 IgG was s.c. injected into 3 LysM-eGFP mice. Representative clinical photographs of 2 of these mice obtained 12 days after the initial IgG injection are shown here. The data are expressed as the mean ± SEM. To compare the differences in the disease severity (AUC), independent samples Student's t-tests were used. A p-value <0.05 was considered statistically significant.
Rapid dermal infiltration, but delayed co-localization with anti-COL7 IgG deposits, of LysM-eGFP + cells. In a subsequent set of experiments, we determined whether DyLight594 AP anti-COL7 IgG and
LysM-eGFP + cells (which corresponds to myeloid cells) co-localize in mice with antibody transfer-induced EBA. Thus, the images of whole ears were obtained 9 days after the initial anti-COL7 IgG injection ( Fig. 4 ). One mouse exhibited only scant lesions on the investigated ear ( Fig. 4 , mouse #1), whereas the other animals presented with crusts and erosions located at the ears ( Fig. 4 , mouse #2 and #3). The infiltration with myeloid cells corresponded to the clinical presentation, and the green eGFP fluorescence (myeloid cells) corresponded to the red signal from the labeled AP anti-COL7 IgG (Fig. 4 ). To exclude the unspecific detection of fluorescence, the same experiment was conducted in C57Bl/6 mice (n = 3) injected with unlabeled anti-COL7 IgG. No fluorescence signal was identified in these mice.
We subsequently determined the kinetics of leukocyte recruitment into the skin in response to the injection of anti-COL7 IgG. DyLight594-labeled AP anti-COL7 IgG was injected into mice immediately prior to multiphoton imaging. The behavior of the LysM-eGFP + cells in the individual mice was visualized directly after 2 hours as well as 1, 3, 4 or 8 days after the initial IgG injection (the mice investigated for 4 days after the initial IgG injection received a second IgG dose at day 2) ( Fig. 5 ). Within the first two hours after the IgG injection, the total number of LysM-eGFP + cells located within the dermal compartment moderately increased in the ears of the mice that had been mechanically irritated one time prior to the initial IgG injection. This increase in the LysM-eGFP + cell numbers in the mechanically irritated ears was maintained throughout the observation period ( Fig. 5a ). In contrast, in the un-manipulated ears, no increase in the LysM-eGFP + cell numbers was identified at any time point ( Fig. 5a ). Considering LysM-eGFP + cells located in the vicinity of the DEJ, i.e., at the site of IgG deposition, a significant increase was identified with a delay of 24 hours after the initial influx of LysM-eGFP + cells in the animals injected with anti-COL7 IgG, as well as the ears that had been mechanically irritated ( Fig. 5b , supplementary Video V1). This finding of a delayed binding of LysM-eGFP + cells to the immune-complexes located at the DEJ is also supported by H&E (or Gr-1) stained ear specimens obtained from mice with antibody transfer-induced EBA, in which the dermal infiltration with Gr-1 myeloid cells is predominately located below, and not at, the DEJ (supplementary Fig. S2 ). The injection of normal rabbit IgG led to an increase in the total LysM-eGFP + cell influx in the mechanically irritated ears; in contrast, no increased localization of cells to the DEJ was identified ( Fig. 5a ,b, supplementary Videos V2-5).
To obtain longitudinal insights into the migratory behavior of LysM-eGFP + cells, as well as for the investigation of later time points, LysM-eGFP + mice were injected with DyLight594-labeled AP anti-COL7 IgG, and single mice were investigated 1, 3 and 8 days after the initial IgG injection. A further increase in LysM-eGFP + cells into the dermis was identified 8 days after the initial IgG injection ( Fig. 5c,e ). Consistent with our previous findings, the influx of LysM-eGFP + cells increased over time, and a further increase in LysM-eGFP + cells at the DEJ was identified on day 8 (Fig. 5d,e ). Collectively, the neutrophil influx postdates IgG deposition by at least 24 hours (Fig. 5a ). The location of LysM-eGFP + cells to IgG deposits located at the DEJ follows the extravasation of these cells into the skin. Furthermore, the location of LysM-eGFP + cells to the site of immune complex deposition is not permanent, but rather short-lived (supplementary Videos V2-5).
Antibody transfer-induced eBA leads to a late-onset increased vascular leakage. Swelling, which is caused by increased vascular permeability and leukocyte infiltration, is one hallmark of inflammation, and increased vascular permeability may represent an early event in the pathogenesis of specific inflammatory diseases, such as arthritis 38 . We therefore investigated whether and when an increase in the vascular permeability may occur in experimental EBA. Of note, without prior mechanical irritation, an increased vascular permeability, visualized by Evans blue, was only identified 4 days after the initial anti-COL7 IgG injections in BALB/c mice ( Fig. 6a,b) ; at the previous time points, no enhanced dye extravasation was seen in the anti-COL7 IgG compared with the normal rabbit IgG injected mice. Similar findings were obtained in C57BL/6J mice ( Fig. 6c,d) 
Discussion
Overall, we define checkpoints for autoantibody-induced tissue injury exemplified in EBA: (i) autoantibody egress to the target tissue, which is influenced by mechanical trigger factors, (ii) neutrophil recruitment into the vicinity of autoantibody deposits within hours of immune-complex formation, and (iii) delayed massive neutrophil localization to these deposits and subsequent autoantibody-induced tissue damage.
The binding of autoantibodies to COL7 is without doubt the initiating event (and first checkpoint) that leads to inflammation and blistering in EBA 25, 39 . Deposits of IgG and/or IgA in the skin are identified in 95% of patients In all mice, red fluorescence (which corresponds to antibody deposits) co-localized with the areas with clinical lesions. Furthermore, green fluorescence (which corresponds to myeloid cells) was predominantly present at the same sites. Three representative mice from a total of 9 are shown here. Of note as a standard procedure mice are notched at weaning. Therefore, the notches appear randomly due to this procedure (mouse 1: 2 notches, mouse 2: 1 notch, mouse 3: no notch).
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(2020) 10:4509 | https://doi.org/10.1038/s41598-020-60233-w www.nature.com/scientificreports www.nature.com/scientificreports/ www.nature.com/scientificreports www.nature.com/scientificreports/ at the time of diagnosis [40] [41] [42] . Furthermore, a detailed morphological analysis in antibody transfer-induced EBA indicated anti-COL7 binding to the DEJ as early as 24 hours after subcutaneous injection 43 . Nevertheless, detailed insights into the dynamics of anti-COL7 binding have not been reported. The current study demonstrates that in several areas of skin, IgG, independent of the specificity, rapidly leaves the circulation within several minutes and is present in the skin of healthy mice. COL7-specific antibodies are subsequently retained in the skin in contrast to non-specific antibodies (Fig. 3b ). This observation is consistent with data obtained in anti-GPI transfer-induced arthritis, in which anti-GPI IgG specifically located at the site of disease manifestation (i.e., the joints) within minutes, despite the ubiquitous GPI expression and systemic circulation of anti-GPI IgG. Interestingly, in this study, unspecific control antibodies were not identified in the joints 29 . This finding may be explained by the different methods used and a higher sensitivity of multiphoton microscopy used in the current study compared with positron emission tomography used in the arthritis study. Thus, we envision that IgG deposits in the skin by diffusion, as previously reported 44, 45 . The antibodies are only retained in the skin if they bind to specific receptors, i.e., the high affinity IgE receptor expressed by cutaneous mast cells or, such as in our case, if they specifically bind to a target (auto)-antigen expressed in the skin. Moreover, in contrast with antibody transfer-induced arthritis 38 , the localization of anti-COL7 IgG into the skin is most likely not modulated by a rapid induction of histamine-and serotonin-triggered macromolecular vasopermeability because an enhanced Evans blue localization was only identified 4 days after the initial IgG injection. Nevertheless, the observation of an increased anti-COL7 IgG deposition following mechanical irritation suggests yet-to-be-defined molecular mechanisms that control the permeability of IgG into the skin. This finding may be explained by the close interaction of nociceptive sensory neurons in the skin and their essential roles in driving specific inflammatory processes, such as experimental psoriasis 46 . www.nature.com/scientificreports www.nature.com/scientificreports/ Regarding the distribution of the anti-COL7 IgG, we assumed a homogenous and linear binding along the DEJ. In contrast to our expectations, a patchy binding was identified. This (at least initially) inhomogeneous distribution of the anti-COL7 IgG may reflect that different mechanical irritations occur at various sites.
The second checkpoint in antibody-induced tissue inflammation and tissue injury is the extravasation of myeloid effector cells into the tissues 35, 47 . In EBA, the binding of the autoantibodies to their respective target antigen induces a pro-inflammatory microenvironment that consists of cytokines and complement, which facilitate a CD18/ICAM-depended extravasation of myeloid effector cells 28, 35, [48] [49] [50] . The source of these mediators must be further defined. One potential candidate to produce (at least some of) the mediators that lead to myeloid cell extravasation are keratinocytes, which have been shown to release IL-6 and IL-8 following incubation with autoantibodies that target another structural protein of the skin, namely, type XVII collagen 51 . The delayed (in relation to the anti-COL7 IgG binding) extravasation into the dermis in the current study was expected. The identification of the source of these mediators and their respective control of myeloid cell extravasation will hopefully enable the identification of novel and more specific therapeutic targets for the treatment of EBA and diseases with a similar pathogenesis.
Many studies have been published regarding the adhesion molecules involved in the interactions of leukocytes with endothelial cells. In contrast, surprisingly little information is available regarding the epithelial localization of leukocytes 52 . Similar considerations apply for the extravasation of neutrophils into the skin and their subsequent movements in the skin 53 . In experimental EBA, myeloid effector cells bind to the immune complexes in a specific Fc gamma receptor-dependent manner in both mice and humans 54, 55 . This binding leads to a yet-to-be-defined signaling cascade within the myeloid cells that involves PI3K beta and delta, as well as, AKT, p38 MAPK, AKT, Src family kinases, SYK, and RORα [56] [57] [58] [59] [60] [61] [62] [63] . Ultimately, myeloid cells release proteases 64 and ROS 35 , which, in turn, cause subepidermal blistering and may further enhance the influx of myeloid cells into the skin 65 . Based on these considerations, we thus expected prolonged contacts of LysM-eGFP + cells with the antibody deposits. Of note, despite their location close to the DEJ, only a few of these cells were identified at the site of antibody deposits. Furthermore, if this interaction occurred, it was short-lived. This prompted us to re-investigate conventionally stained H&E skin specimens from mice with antibody transfer-induced EBA. Consistent with the current findings, the majority of the dermal infiltrate was located not in direct contact with the DEJ. Therefore, these rather few and short-lived interactions appear to suffice to induce subepidermal blistering. In the future, the use of fluorescence probes to specifically detect ROS 66 may facilitate the further unraveling final checkpoint of autoantibody-induced tissue damage.
The simultaneous observation of autoantibodies and leukocytes in an organ-specific autoimmune disease provided novel and unexpected insights into the pathogenesis of autoantibody-induced inflammation and tissue injury, which were exemplified by EBA. Our data also enabled the identification of precise checkpoints that lead to inflammation and blistering in EBA. Unraveling the molecular basis of each checkpoint will aid in the definition and identification of (hopefully more selective) therapeutic targets.
Methods
Animal studies. C57Bl/6J and BALB/c mice were obtained from The Jackson Laboratories (Bar Harbor, ME, USA). LysM-eGFP mice were kindly provided by Dr. Graf 36 . The animals were fed acidified drinking water and standard chow ad libitum and were maintained on a 12 h light-dark cycle at the animal facility of the University of Lübeck. The experimental animal protocols were approved by local authorities of the Animal Care and Use Committee of the Federal Ministry of Food and Agriculture of Schleswig-Holstein (Kiel, Germany; 2-1/11, 72-7/10) and were performed by certified personnel. We confirm that all methods were performed in accordance with the relevant guidelines and regulations.
Generation of affinity-purified, fluorescently labeled anti-COL7 IgG. Rabbit immunization was performed following previous protocols with minor modifications 37, 67 . Briefly, two New Zealand White rabbits (SA6306 and SA6307) were subcutaneously immunized with 250 μg of murine GST-mCOL7C 37 suspended in Freund's complete adjuvant. The animals were boosted three times (at 13-day intervals) with the same protein preparation in incomplete Freund's adjuvant. The immune sera were characterized via immunofluorescence (IF) microscopy using cryosections of murine skin. The total IgG from the immune and normal rabbit sera was purified via affinity chromatography using protein G affinity as previously reported 37 . COL7 specific IgG was subsequently isolated from purified total IgG using Affi-Gel (Bio-Rad, Munich, Germany). Briefly, to prepare the specific column, 10 mg of recombinant COL7 protein in 0.1 M MOPS buffer, pH 7.5, that contained 80 mM CaCl 2 was coupled with Affi-Gel 10 according to the manufacturer's instructions. Three hundred mg total IgG was passed through the specific column 5 times under a gravity condition, and the column was subsequently washed with 50 ml of PBS, 50 ml of PBS that contained 850 mM NaCl and 0.1% Triton X-100 (Merck, Darmstadt, Germany), followed by an additional 50 ml of PBS. COL7 specific IgG was subsequently eluted with 0.1 M glycine buffer, pH 2.8, and immediately adjusted to pH 7.2 with 1 M Tris. Specific IgG was concentrated, and the buffer was changed to PBS via Centricons (Millipore, Billerica, USA). Following passage through a 0.2-µm filter (Sartorius Stedim Biotech, Gottingen, Germany), the concentration was adjusted to 2.0 mg/ml for affinity purified specific anti-COL7 IgG (AP anit-COL7 IgG). For labeling with a fluorescent dye, AP-IgG or normal rabbit IgG were conjugated with DyLight488 or DyLight594 (Thermo Scientific, Waltham, USA) according to the manufacturer's instructions for these antibody labeling kits.
Determination of ex vivo blister-inducing capacity of anti-COL7 IgG.
The split-inducing capacities of total IgG, AP anti-COL7 IgG, DyLight488 AP anti-COL7 IgG, and DyLight594 AP anti-COL7 IgG were determined using an in vitro assay as reported by 68 . Briefly, cryosections prepared from mouse back skin (were placed in the center of a Superfrost Plus microscope slide (Menzel-Glaser, Braunschweig, Germany). Skin sections were Scientific RepoRtS | (2020) 10:4509 | https://doi.org/10.1038/s41598-020-60233-w www.nature.com/scientificreports www.nature.com/scientificreports/ washed with PBS for 5 minutes to remove embedding medium, then incubated with the above indicated antibody preparations for 90 minutes at room temperature. After washing the sections with PBS, mouse PMNs were added to the sections. Incubation of PMNs with skin sections was performed in a humidified air incubator containing 5% CO 2 for 3 hours at 37 °C. Subsequently, sections were washed in PBS, fixed in formalin, and stained with hematoxylin and eosin. Finally, skin dermal-epidermal separation was evaluated by an investigator unaware of the section's treatments. To compare the pathogenicity of total IgG and AP anti-COL7 IgG, the concentrations were adjusted based on the titer levels, which were determined via indirect IF microscopy.
Anti-COL7 IgG transfer-induced experimental epidermolysis bullosa acquisita in mice.
For the in vivo pathogenicity test, normal IgG, total anti-COL7 IgG (7.5 mg/injection), AP anti-COL7 (75 or 150 µg/injection), DyLight488 AP anti-COL7 IgG, and DyLight594 AP anti-COL7 IgG (75 or 150 µg/injection) were subcutaneously injected into adult C57Bl/6J mice every second day for a total of 6 injections. The mice were assessed for their general condition and evidence of cutaneous lesions (i.e., erythema, blisters, erosions, alopecia and crusts) every fourth day and were subsequently assessed until 12 days after the initial injection. In some experiments, one ear was gently mechanically irritated with forceps at day 0 prior to the IgG injection. 200 µg of AP anti-COL7 IgG was subsequently injected i.p. at days 0 and 2, and the affected areas (%) of both ears were scored every second day until day 8.
Immunofluorescence microscopy and multiphoton imaging. To analyze the distribution and the kinetics of pathogenic IgG, organ samples from the entire body (tongue, esophagus, stomach, small intestine, colon, trachea, lung, brain, heart, spleen, liver, kidney, uterus, and muscle) were obtained at 1, 4, 8-12, 20-24, and 44-48 h following injection into the tail vein of 250 µg of DyLight488 AP anti-COL7 IgG, DyLight488 labeled normal rabbit IgG or DyLight488 AP anti-COL7 IgG together with DyLight594 labeled normal rabbit IgG. 6 µm cryosections were prepared from all organs. The sections were subsequently washed with PBS (some sections were also stained with DAPI), and tissue-bound IgG was detected via fluorescence microscopy. Whole ears from the LysM-eGFP mice, which were previously used for multiphoton imaging, were obtained after observation on day 9. The whole ears were examined under a fluorescent microscope, Biozero BZ-9000E (Keyence, Osaka, Japan), and images of the whole ears were obtained for the signals of DyLight594 AP anti-COL7 IgG (red) and eGFP + cells (green, from LysM-eGFP mice). Using the analysis software BZ-II Analyzer (Keyence, Osaka, Japan), an overlay of the signals was created.
LysM-eGFP mice 36 received two i.v. injections (days 0 and 2) of 250 µg (2 mg/ml) of DyLight594 labeled AP rabbit anti-COL7 IgG. These events led to inflammation and blisters in the antibody transfer-induced EBA. The migration behaviors of the Lys-eGFP + neutrophils and monocytes were further investigated, i.e., the LysM-eGFP mice were anesthetized via injection for long-term experiments (mixture of 50 µl Fentanyl, 400 µl Midazolam, 200 µl Dormitor and 3.5 ml Ringer solution). Hair removal cream (GlaxoSmithKline, Bühl, Germany) was subsequently applied on the ears to remove the hair shafts. Imaging was performed using a TriM Scope II multiphoton microscope (LaVision BioTec GmbH, Bielefeld, Germany) equipped with a XLUMPLFL 20× W/0.95 objective (Olympus, Hamburg, Germany) 69 . The excitation wavelength for the visualization of anti-COL7 IgG was 740 nm. EGFP and the second harmonic generation signal for collagen were excited with 900 nm. The laser intensity was optimized to reliably visualize only bright eGFP cells to reduce possible laser damage from excitation of melanin. Since the eGFP signal in monocytes is considerably weaker than in neutrophils, (see supplementary Fig. S3 ) this setting preferentially visualized neutrophils but detection of monocytes cannot be excluded. The emitted light was detected by three wavelength-separated PMTs (435-495, 495-560 and >560 nm). Visualization of the migratory behavior of eGFP + cells in the ear skin was performed between days 0 and 8 after the initial anti-COL7 IgG injection for the induction of experimental EBA. Seven different Z-stacks were acquired at each time point of the experiment for each mouse. Each stack had a size of 250 × 250 × 90 µm. Image processing was conducted using Imaris Software (Bitplane, Zürich, Switzerland), and the total number of extravasated eGFP + cells was counted per eye in the whole Z-stack or the vicinity of 16 µm below the DEJ. Cells that were identified in the dermis were considered extravasated.
In another experiment, BALB/c mice were anesthetized as previously described, and hair removal cream (GlaxoSmithKline, Bühl, Germany) was subsequently applied to the ears to remove the hair shafts. The surface of one ear was gently scratched using forceps. Multiphoton imaging was performed using a TriM Scope II multiphoton microscope (LaVision BioTec GmbH, Bielefeld, Germany). First, the ears were assessed prior to IgG injection. 250 µg (2 mg/ml) of DyLight488 AP anti-COL7 IgG or normal rabbit IgG were subsequently injected into the tail vein, and the ears were immediately assessed with the microscope. In some experiments, 125 µg (2 mg/ml) of DyLight488 AP anti-COL7 IgG and 125 µg (2 mg/ml) of DyLight594 normal rabbit IgG were injected. immunohistological studies. Skin samples were fixed in 4% buffered formalin and embedded in paraffin.
Four µm thick sections of the ears were cut and stained for H&E as previously described 70 . Cryostat sections of the ear skin were stained for granulocytes. Briefly, a monoclonal antibody against Gr-1 (Ly6C/G, RBC-8C5, eBioscience) was used as the primary antibody, and an alkaline phosphatase-conjugated goat anti-rat IgG (Roth, Karlsruhe, Germany) comprised the secondary antibody. A Biozero BZ-9000E from Keyence (Keyence, Osaka, Japan) was used for light microscopy.
Analysis of vascular leakage.
To investigate the change of vascular permeability in diseased mice, 100 µl of 1% Evans blue (Sigma, St. Louis, USA) in PBS were sterilized by passage through a 0.2 µm filter (Sartorius Stedim Biotech, Göttingen, Germany) and were subsequently injected into the tail vein of the mouse. At the same time, 250 µg of AP anti-COL7 IgG were injected i.p. BALB/c and C57BL/6J mice were assessed every day until day 5. On day 5, both ears and both hind legs were harvested and dried at room temperature for 3 days. The tissues were
